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Introduction
In mature tubular epithelial cells, apical-basal polarity is maintained through the formation of several intercellular adhesion systems consisting of adhesion junctions, desmosomes, and tight junctions. The tight junction segregates the plasma membrane into structurally and functionally distinct basal and apical domains and the distribution of protein and lipid molecules in epithelial cells is asymmetric in these A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT 3 two domains, which is required for proper polarization of epithelial cells [1] [2] [3] .
However, these extremely differentiated epithelial cell phenotypes are not unchangeable. Under certain stimulations, differentiated epithelial cells can switch on a mesenchymal genetic program and form mesenchymal-like cells through a process called epithelial to mesenchymal transition (EMT) [4] .
EMT is characterized by the disruption of epithelial junctions, loss of cell polarity, remodeling of actin cytoskeleton, alteration of cell-matrix adhesion, and increase in cell motility. EMT is a complex process, resulting from the interplay between numerous growth factors, cytokines, hormones, and extracellular cues. Among them, TGF-β is a sole factor which is sufficient to initiate and complete the whole course of EMT. TGF-β signals through type I (TβRI) and type II (TβRII) transmembrane receptor. Constitutive active TβRII activates TβRI, which in turn phosphorylates Smad2/3. Smad2/3 then bind to Smad4 and translocated into nucleus, where they regulate target gene transcription [5, 6] . It has been postulated that EMT at the cellular level occurs in a stepwise fashion. The earliest event of EMT is the disruption of cell junction, which manifests as the suppression of E-cadherin expression [7] . However, the exact molecular mechanism that TGF-β results in the disruption of cell-cell junctions remains unclear.
Recently, a signaling complex comprised of three proteins, partitioning-defective 3 (Par-3), Par-6 and atypical PKC (aPKC), emerged as a central paradigm in the establishment of apical junctions during adhesion-mediated cell polarization in various organisms ranging from worms to mammals [8] [9] [10] . The three proteins interact with each other to form a ternary complex and thus mutually regulate their functionality and localization [11] . The Par-3-Par-6-aPKC ternary complex (Par complex) was first identified in Caenorhabditis elegans as indispensable for the establishment of anterior/posterior polarity at the one-cell embryonic stage [12] . In Drosophila neuroblasts and epithelia, this protein complex localizes to the subapical regions, and plays a critical role in the establishment of apical-basal membrane polarity [13] [14] [15] . In mammalian epithelial cells, the complex localizes to the tight junction [16] [17] [18] . Studies using cultured epithelial cells demonstrated that the Par complex promotes the formation of epithelial tight junctions and thereby contributes to the establishment and maintenance of apical-basal polarity [17] [18] [19] . Considering the critical role of the Par complex in epithelial cell polarity, we hypothesize that TGF-β
regulates the expression and/or the integrity of this complex during the process of EMT. To test this hypothesis, we have investigated the effect of TGF-β1 on the expression of Par-3, a key component of Par complex and the integrity of Par complex. Additionally, we examined the effect of over-expression of Par-3 on TGF-β1-induced EMT in rat proximal tubular epithelial cells.
Materials and Methods

Reagents:
Normal rat kidney epithelial (NRK52E) cells were purchased from American Type Culture Collection (Manassas, VA); Dulbecco's modified Eagle's medium (DMEM), fetal bovine serum (FBS) and trypsin/EDTA solution were purchased from Invitrogen Stable transfectants were generated from NRK52E cells after selection with G418 800μg/ml. Ectopic expression of Par-3 in the stable cell line was confirmed by Western blot. 
Real time PCR
Real
Immunoprecipitation and Western blot analysis
NRK52E cells were washed with PBS and scraped into lysis buffer (50 mM Hepes pH 7.5, 150 mM NaCl, 10% glycerol, 1% Triton X-100, 1.5 mM MgCl 2 , 1 mM EGTA, 10 mM NaF, 10 mM Na 4 P 2 O 7 , 1mM Na 3 VO 5 , 1 mM phenyl-methylsulfonyl fluoride, 10 μg/ml leupeptin and 20 μg/ml aprotinin). Protein was quantified by the Bradford assay (BioRad, Hercules, CA). To immunopreicipate endogenous complex of Par-3
and Par-6, polyclonal anti-Par-6 antibody was incubated with cell lysates at 4°C, followed by incubation with Protein-A-sepharose beads for 90 min at 4°C.
Immunoprecipates were washed three times with lysis buffer and then subjected to 10% SDS-PAGE, and transferred onto nitrocellulose membranes (Amersham Biosciences, Piscataway, NJ). After blocking in 5% skim milk for 1 h at room
temperature, the membranes were incubated with indicated primary antibody at 4°C overnight followed by horseradish peroxidase-conjugated second antibody for 1 h at room temperature and detection by chemiluminescence (Amersham Life Science).
To prepare NP-40 insoluble fractions, the cells were lysed in 700 μl of ice-cold NP-40-IP buffer (25 mM Hepes/NaOH, pH7.4, 150 mM NaCl, 1% NP-40, 4 mM EDTA, 50 mM NaF, 1mM Na 3 VO 5 , 1 mM PMSF, 10 μg/ml leupeptin and 2 μg/ml aprotinin)
by 30 min rotation at 4°C. After centrifugation the pellet was redissolved in 87.5 μl of 2 × SDS-sample buffer, and then subjected to western blot with anti-Par-6 antibody.
Immunofluorescence staining 
Statistics
The results were expressed as mean ±SD from at least three experiments. Statistical analysis was carried out using SPSS11.0. Data were analyzed using one-way ANOVA followed by post-hoc test. A p<0.05 was considered to be significant.
Results
TGF-β1 induces EMT in NRK52E cells and down-regulates Par-3 expression.
First of all, we assayed, by Western blot, for the amount of Par-3 protein in the lysate of NRK52E cells which were collected at various time points after TGF-β1 treatment. As seen in Fig. 1 , TGF-β1 treatment led to a gradual decrease with time in the level of E-cadherin over 72 hr. In contrast, the level of α-SMA increased
drastically with TGF-β1 treatment for 24 hr and reached a plateau up to 72 hr.
Meanwhile, the amount of Par-3 started to decrease at 48 hr after TGF-β1 treatment and plummeted to a level approximately 50% of that for the untreated cells at 72 hr (Fig. 1 ).
To further investigate whether TGF-β1-induced Par-3 downregulation in Taken together, these data imply that the downregulation of Par-3 by TGF-β1 treatment disrupted the Par complex on cellular membrane and redistributed Par-6-aPKC complex into the cytosol.
Overexpression of Par-3 blocks TGF-β1-induced EMT
Since Par-3 expression was decreased by TGF-β1 in EMT, we next investigated whether overexpression of Par-3 would affect the progress of EMT. HA-tagged Par-3 was transiently transfected into NRK52E cells. Overexpression of Par-3 was confirmed by Western blot using an anti-HA antibody (Fig. 6A) . Expression of HAPar-3 did not affect the protein level of E-cadherin or α-SMA in untreated NRK52E cells (Fig. 6A) . Because E-cadherin is an epithelial marker that plays an essential role in the maintenance of cell junctions, and its loss is the earliest key cellular event during EMT, we next examined the effect of Par-3 overexpression on the cellular level of E-cadherin following TGF-β1 treatment. As shown in Figure 6B , E-cadherin level was reduced after 10 ng/ml TGF-β1 treatment for 72 hr in either untransfected cells 
